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s DAL U NL1G3 6

This invontion relates to eryptographs sand 1o en improvement
based uvon the subject-matter of my prior applicmtion Serisl No. 682,006,

filed July 25, 1933,

In 8aid epplicetion ‘ariel [o. 682,096, I discloss a oryptogrnphio
syatem and mechanier, the bLeaic fenture of which 1s the provision of means -
for aperiodicaldy controlling s ast of juxtaposed switoh{ng or cipher oom-
matatore glving cryptographically a ocrascade effect. In that ayvstem the
nuans roforrsd to involves the use of a cipher~key tranamitter through

whioh a perforated key-tape is prBsed.

The ohjeot of this invention iz to oontrol the juxtaposed
oipher gommutators by means of rh assooiated set o2 oam vheels of different

diemeters, thus dispensing with the perforeted tape referred %0 above.

The invention is fllustroted in the accompenying drawings,

in which

¥ig. 1 8 n sohematic dimgram of the mechenism, iroluding a
pet of fiva cam whaels controlling e oorresponding number of slectro-
magnotie, atopping dovices for effecting angular displacement of the

ocommutntors |

- Fig. ¥ shows paired cirouits correasponding to n”ief of ten

can wheels for electrically controlling the five clectro-megnetic, atepping

devices of Fig. 1, togethor with switehing means for interchanging the

electrical conditions zat up by the cam wheelsa;
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Fig. 3 showa A deinll of one of the cem vheels } =and

Fig. 4 18 enother deteil ehowing s replaceable cem element snd

rmode of assembly with the wheael.

Refarring to "ir, 1, there ere shown thes following elemants whioh
are well-known in the mrt applicable to modern eryplosraphs amploying
rotatable oipher commutmtors: The numeral 1 gensrally designates a
-tandard typevwriter keybosrd provided nith n aet of keys for closing a
sot of contaata dorrasponding to chnrz2oter alemants; the numeral 8
generally designates » benk of rnoordéng or indiosting devices which may
trke the form of n ast of magnots of a printing wechsnium, or a set of
glow lempa to indicate by illumination of superimposed lettering the
oharacter equivnlents resulting from oparation of the koyboard; the
unmnfal 3 generslly deasignates a set of juxtaposed, rotatable circuit
ohangers sonstruated in the form of switohing commutators commonly oulled
oipher commutatora, mountsble upon s oommon sheft and arranged to rotate
relative to one another and to fixed eﬁd plates, in order to provide a
lorge number of vericble paihs for the prassge of an electrio current
reprepenting a messege character gst up on the keybosrd, the exaot path
traversed in qach instance bdeing determined by the raletive roiafory
poa;tiéna of the whole ast of cipher commutators and end plstna.gt that
inctent ; nuﬁoral 4 gonorally designates a ast of atepping ioohaniumo
for effecting angulsr displacements of the cipher oammutatorﬁ. The

esaenes of the present invention conaists in the provieion of maina.
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innicatod gonorally nt 8, for contrulling thess stepping nnehnn!tnn f;*
throuah the. lntermndiacy of a et of pewls and rateheta, snd oam uhoell
aeuooiated with the retchets, the come oponing sud cloning oirouitn tor'

opcrrting thn eloctro-mnxnct‘oally oontrolled stepping mnohnnxenl. C

The most important elements of the oipher commutator ountrol

' -allqnbly 5. ero as folloss: 4 get of Pive cem wheels 6, 9. 3, 9, gnd

10. ar' nountad upon a common shaft 71 upon wshioh thoy are, 1ad1vtduallr

- free to totato. Nigidly fixed to ongh oal wheal ere the ronpactivo

rntcha%a 66, &7, 68, 49, and 70, driven hy yatla P2, ¥8,. 74. 95, nnﬂ 76
unﬂcr the aation of magnets 79, 78, 79, 80, and S1. These magnot- ago B
dptdqiod?ﬁy g set ot'oircuits having & common corduator 134, $n 'hgdh

is 1nuqr§od_9nivarsn1 keybosard conteot 54, Fach ratohet hes a'diffpxnnt
nunber of téﬁth.mthe nurbers praferadly deing prime to onc dnbtﬁétiﬁ'vor
maph. xet. ntchetu 06, 67, 68, 69, ond 70 have 61, b0, 49, _Av. end 43
tooth, ro-pcotivoiy. The eam whoals associated with the vnrioul rutohoto
ere of varying dizsmetors ani heave their peripharies divided up iuto
numbers of eegmonts sorresnonding with tho numbers of teslh on the rﬁtehut

to whioh vuoh ‘oam wheal i ettached} so that, for exampla. cam uhaal 6

-hnl 1$l pertyhsry divided up 1nto 8) aquel segments, cam whaol 7 haa ite

psrlyhery dlwtdad up into 50 equel segwents, snd so on,

_.nn th- 1nr£oua omm wheels are made of squal anguler lanathiand. fl: '

ko,iag pnrpooou, ‘they are numbered so shat the set of ona'whnoll can -"

bo altgnod to a dench mark acco¥ding to a prearranpged koy.¢ Tbniaosnnntl

of each oam: uhool are slotted nat at 301, and into thess olotn are 1n-'

norﬁpd nnal;?alidabla plates. These pletes ere formed -1th onrvnd or
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arousts uypor;aurfaoos, 5o that when inserted in the slota these dnrvnd _
lnfracoi projgct shove the rim of the wheel and funotion as 6nns. .It |
‘i1l ba undoratood Shint the other pogmsnts have their surfaeon ooinoi- L
aent or flnnh with the porimntar or outer rim surfece of the ean whael.
The Atstribution of the aaid oam plates which sre to be hum'ud tq ) |
.saoh omm Imonl in relation to tha other lngmontal surfroos oonatttuton

_ one of the nlenontn of tha eipher key to the system. These plntes : _
togather with the renainins sagmebtrl elemnants of the wheolo eontrol |
.gontnct love'a 86, 87, 88, A8, 2rd 00 nnd thelr respactive oontacts

“Qtl 88? y 89 and 20* ; that s, when e plete with " cam anrrcco
to preeentod to contsot laver 86, for axmmple, tho cam eotion aorvea 1o

1 c.a-a eontaot-pa' , Otherwise that conteot remeins opem. Contact loevers

' 86.-85;288. Bﬁ.'ana 90 control stoppins mnanets 11, 18, 13, 14, and 15.

wh:eh oparat- ‘the stepping meohanisms of the ‘sfpher uommntatorn. in a.

lannor pronently to be uvxplained.

_ With the errengement of cem ¥beels nhoen in vig., 1, the
etvnfﬁsrnphic;period of the asaemdly of cipher ochmutators ja bénal to
tho pxoduut or the numbors of teeth in the set of ratchete 66 67, 88, 69.

| anﬁ YQ. In thie case, with the numbere of teeth deing Bl, DD, 40. 49,

. andt 43 rosyacvavely, the psried is 202,523,950,

fho uaunnr 4in wkich the syntnm an a whole funetlon;_:ill now

be doacribod T%s 2irat atep, of sourse, is to set the eryptograph to
, tha praaetarnincd key. This comprises tbe following elanont.v the horaa
lnntal permutetion or arrsngement of oiphor commutetors on thc ahsft; “the
- rOtatqry altgnnant of the commitators, ascording to a croupzor;}ottarl
. aligned on a dench mark; the exsct distrihution of the nliéahlo plates
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in their rolntlon 10 the other segmantal elements of the oam whsolu;

thn rotutory alignment of the cam wheels agoording to a group of :l
sharaoters nllgned on e bench mark; finally, tha oryptogyaph ;n_cpt.

) §h- onclpioring position. Fhen the key oorroupondina t&ﬂﬁavlis
doprtsaea on tho keyboard a ourrent floes from battary 48, along
Gonductorn 47 48. to olomod contaot 49, oonduotor 41, contaots 37

68. eounuctor 80, oontzate Ul on the st end plate of the eipher
commutabo:a, thengo through the commutatoras, emerging at coptapt &2 -
'on £ha right erd plate, conductor 83, contacts 44, 38, condﬁétdr &3.-ﬁ:‘
to Yamp or indicnting device “Y" , conductor 54 back to bnttory 48. ﬁ : _ 'i
Upou roleaao or key “A®, and at the end of tne return oxcnraion oF ‘baok
'ct:ukn of’ ‘s universel ber on tha keyhoerd, universal contaot 84 ie
olonea nnd . elrouit 19 paseed through the set of magnets 7?. 78. 79,
'80. unﬂ 81, asunins the pawls VR 75, 74, 76, ond 76 to sct oo thnt cem .iﬂjf
"haoll G. 7, 8, 9, and 10 are advanced one atep. A aingle mnanet oan ;

of oonrle be used for shis purposs, with mechanical means of Arroctinc.

Qaqb pawl. The universal keysoerd contact eircuit inocludes relay 12 §
_:vhioh:controlu contact lever 92 and contact 93, which {s in the eirouit
-coatrallins nagnets 11, 12, 13, 14, and 15, so thet ourrant:cau'pauo

;'thxongh the lnttnr magnnts only at the instent when the unlvereel contaot

"E}_5i1ﬁi: 1. clnnod.l hnn tha oan wheels 6, 7, 8, 9, end 10 are ndvnnoed ono:etop.

) 'l nav comhinnfion of oparativo and 1nop¢rativc oontaot’ letp

.and. ot open nnd cloged oontaota 86', 87', 88'. 89', and 90'

‘and eortclpondina thereto magnets 11, 12, 13, 14, and 156 aro aotuutod.
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 '=$hnat control the diaplacanent m«ohanlama associeted wlth thofuiphn

cipﬁérgant of the next letzer,

sad the cem thools muat of course also be returned to their initial

, _;mhtton-. o
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oqgnntaﬁorb and pot up a new path through the commutetors ror tha el-;;f_.

._Th degipher the message, screw 86 15 revolved 36“o$f.th§ .f_

iwltch piate'OC to the deoiphering poaition. The cipher cnnuntn$or-'

ponttian end arrangamnnt in emciphering. It 45 unnoeansary to trnoc,”
the declphnr!ns eirouits through, since this phane of oparattﬁh by

luana ot [} rvvnrtlng lwitch is well mown in ths art.

It would ve ~nay to provide means, conainting. of o atupIo

'_lW1tchboard 100 with n plug snd jJoek arpangament for oonnoottng ooR-

tacts 867 090" o magneta 11 to 16 in eny one of 120 ufraroat por=

xn Pig. 1 I have ohown en esgendbly of but rlt! cnm Whiola.

on- ror e»oh aiphnr comeutator, Dut lt 15 resdily posslblc tn hnva a

_ uet oL tou eam whacls which can be eleatrioally ocomhined tnto rtvn pa!rl
' to qontrnl tnn five cipher commutators. This is shown nohaaattellly ln

"irtg. a, in whish 11, 12, 13, 14, and 18 cre the aimilarly nnnborod nngnat-

'f:ot Fis. 1. tor oontrolling the stepping noohnnlsua of the aiphnr canuutatar.

;_.contaet over 86 1o the sams ns the aimilarly nusbered oonuet"'"'.vor of

Plco 1, cxcopt that this lever 1s now sssociated with two oantuota,'ﬁ-

lonor eent«ut 86' againet which (¢t normmlly roota. and nn uppar contaet

- 8G» vhioh 1t touohes when & button on the cam wheel is pronontea to tho

con$aq§ 10?0:_86. Contact levers 87, 88, 89, and 90 are ef thu sana form
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86 contact lever 86, and eerve similer funotions; they are homologou- 10
ltnilnrly nunbered levers of Fig. 1 and, like contact lnver 86 et y&g. g,

thoy are aech aapociated sith paired contscts. Contaat levara 135. 18?,
188, 189 and 190 ere tive sdditional contact levers cimllar to 86. 89.

88, 39 and 90; they are erssooiated with and operated by tlva additional

onm wheals, so that there ore now ten cam wheels and ten oontaci-lovora.

‘._If .the numhers of aegianta on cam nheels 6, 7, 8, 9, nud 10 of Fig. 1, are _

‘na 1ndioatad barore. nerely, B1, 60, 49, 47, and 43, the mugbers of sogment-”
'on tho additional five cam wheels may, for exsmple, bn 41,,3?.'51 -29, gnd

Tha camylate psriod of the whole system of oam whnela 1n this onao ;__

_-uuxa be 51 x50 x 49 x47 x 43 x 41 x 37 x 3} x &9 x 2J,

' In Pig. 2, the nw&tohmoard 200 serves s 8 npann for
interconneoting the contaot levers 86, 87, 86, 89, 90, 186, IB?, 156,

159. gnd 190 1nfpa1rs, end by & multitudc of different arranggmgntn. 80

that iha five setas of péirnd oontrot levera control the r1v§'ﬁiénofl.11;

12.:13; 14, and 15 by e paired relationship expleined bolow:rvibrieiuniiﬁ,

as insersonneoted in 7ig. 2, magnet 11 is controlled jointiyjﬁy;cbntact
1qv6ra”ao ond; 187; magnat 12 im controlled jointly by eontaéﬁ'iévora 188

and 180; magaet 13; by 90 end 186; magnet 14, by 88 and 190; wagnet 18,

by 87 and 89. Tha relay 91 in Fisg. 8 15 the seme ap the ninllarly numbered
. relqv in Fig. 1 anfl serves the same function, nemely, to apply potential

nJ.J;to ths oironits oontrollnd 15 contaot lovers 66, 87, B8, 89”'90.3186, 187.
ﬁlk&YbOGYQ-

"158 189. 190 only on the dack stroke of ths univeresl bar'on,;
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The aanner in vhich e nagnet 1l of Fig. 8, for oxnmpla. is
coatrolled by 1ta teaporarily associated contaot levers, in thil case :
. 88 and 187, is as follows: Suppose oantact lever 86 is nt ita louor
‘po-ttion, agninct contect 86', there boing at that momont on the parlphmry
of the firet sam wheel a segment whiech ip flueh with tha rin or tha ﬂhnel.
. that 13. no oun nurraoo is presentad to ocontsaot lever 86; that at tho
‘nlma mament oontaot laver 187 is at 4its upper poattion. ngninat tts upyar
ccntgqﬁ 187, thoro being at thet moment on the periphery or tho aavonih
_ oan ihp§1 o plate shioh bears a p1ojecting cem surfsoe, & uirnu!ﬁ is oa~

taﬁiiahnd;ihugx battery 33, oconduotor LE6, contaot levnr 92 or rolay

91, which 15 at that moment energized from the keyboard as explained sbove,

semtaot 3, ecuductor 6, wntact B0’, ocntact lsver 86, mwu 189,

fl!:iblo aonauotor 18 of switodhoard 200, oonductor 120, thronsh.mngnet 11,
eonﬂuntor 150. tlaxible conduotor 131 of switehbosrd 200, conﬂnetor 158.

o "---contaot 18?" asntnat which contaot lever 187 is now reattng, oonductor 133.

f-baek (] buttory 33, Maguet 11 is onergized. Tt will be seon thst masuat

.-;:lx.tgﬂqupacot to four conditions 3

il) Contact lavay 88 is meking oontaot at 86' whaa oantaot
lovor 187 is meking contast at 187', No ctreult will
bo establiahed through nsgnet 1l, b¢cauao both levorl

" are then sonnected to the game side of thn hnttcry 33,

{2} . Contaet levor 86 15 mking contaot a% BO''uhen conted
lover 187 s making ocontaat at 187" , A Eiréﬂitfwiii

be established through magnet ll,
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| (8) Contmot lever 86 is making aontact at 88’ whon
contant lever 187 is meking conteet at 187' A

efroutt vill be eateblished through wut u. _'

: ~ (4) contoat lever 86 is making comntaet at ,00" ma

oontaet lever 187 s making oontact nt'fIB?" llb ‘

0irouit is established through magnet 11.,

m same set of four conditions applies to mguotn 12. 13.

14. m 15 and their azsociated cmtaot levers amd ountaotl o

- By mtorcmnszna the gonnections catnbnnhed 'ét._..-ﬁitéﬁm
£00 groat variability in elessctricnl effocts of the pot ot oontact lovors

ie affordoﬂ tor aryptogrephic keying pnrpoua.

In ¥ig. 3 {a shown & detail of one of the ven: vhnola, wﬂh
its notn 301, removeble plutes 302, end ratchet 303, 'ﬂao romvablo
plm‘I 808 are provided with springs 304, J05 to hold tho_;:p)_.-n,,to in plase

whan insortsd n the slot.

Changes, modificetions and squivelent arra:iéomhtn ere’

mtmlntod withina thc scope of the invention es doﬂned by tho

.pponaod olaim 3

10
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I clatn 3

le In » crvptowrenh, » kaysonrd comprining charsater

elemante and ocorreaponding signnling slementa in operative alectrical
- aontection therarith ; manna comprizing e mot o” juxtaposed, rotntable
comnutators for wrrving the connections between tha keyboard elements .
end said signeling elemonts ; a sat of cam-basring rotmtable memdors;
means for engulrrly-diaplacing said membars uror opaéation of meid
keyboard; a ssat of aontnct lavers snd associsted contnets econtrolled
. by saiq énm—bearing marters; aud menns coordinsted with aeld set of

can-daaring memhers %0 offact perutative, stop-wise displrcoments

of tha commutetorse.

2. In a eryntograph, & kaybosrd comurising charscter
elenmts ant corresponding signaling elemente in operat;ye,pleotrienl
gonreation therawith | means comprising a set of Juxtaposed, rotet-
adle commutators for vorying tha connecotions batween the keyboard
elemenits and asaid nignaling elemants ; a set of cam-bearing memdboers;
maans for sngularly Aisplacing seid nenbders &pon operation of seid
keybrard; and means coordinsting sald scem-bearing membars #ith the
commutstors to sCfnot permuintive, stepnice diapluoamentd §t the

commutntors.

8. Ir a eryptoprenk, & keyhoerd comprieinrg cherecter
elements ard oorrepponding siennling alemenmts elsctricelly interrelsted

therevith ; meosns compriaing e set of Juxteposed, rotetable commutators

'
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_ erIVnryiag the ralationship batween the kayboard alomaﬁﬂizknd iatd

tianaliné‘-'alamnts ; n se$ of csm-bearing rotetable mmborl; nun; |

- for anmnnrly displacing ssid mesders upon operation of . ulﬁ kayboard;
and ® urioo of commutator stepping machaniasma, the cau—bﬂrmg munbarl

' '_boing[elec@icully]uumclated sith tho sommutator stoppina mchanim

o lo orfoot pemtauvo. atepwise dlnplacomants of trw oommutawro. o

| '4. Jo & eryptograph, 8 keyboam oomprintns .aharaotn'
ohmnta am correupundtn,; siganling alements el-actricauy inton-
-oognau_tcd;_-thereuith { means comprising a set of Jmttapoeeld. rotatablo
comntlatoﬁs for varying the gonnsotions betxeen the kevboﬂ,ehﬁaiﬁ :
-'lad said signaling elements | & plurality of sets of oam-bearlns rotat-
abld mbeu § moans for effecting stepwise anguler cuplaomnu of
'md can-boerua members with individuel depressions of tha keyu of

nid keyboard; and means coordinating 2aid sete of cnm—bmr!ng mmbou

' :to eftnt pomtathe. stepwise dinphemnta of the comtston.

8. Tn a cryptograph, & Xeydoard oomg)risikkif.é?;anom
alonnh nhd eorresnonMnﬂ. pignalins olomenta elootrioall&llﬁmrﬁmo‘cud

therowith ; noenl comprising a nt of Juxteposed, rohtablo cmtatom L .

) 1‘01' mryins thn connsotions botuen the Xeyhoard olmnu -tmd 'uﬂd sig~
unns olmnu { & plurality of om-bearing memdors} mna ror orroct-
tns ltopwiso anculnr displacensnts of paid oam-bourine nmiwrs with ln- -
L ;dhmual koy opamttan of said hoybourdﬁ a gsrion of cmmtator otayptng' o

prdmanhe e

LD e e

nehnnima caoh gomprieing an slsotro-megnet and sn aaaoomwd r&tchot

\y

e s S
o M AT
M Pl




- mnmbora baxne prime €0 ons another,

I”fltifkuhbafﬁio the number of smid ocmmntatoro { & net-of-cantuet levnrl

;%ﬁa;a'i? o

'thn sot'br oormuiator atepping mechanisms boing controliad:by ihé o

:anﬂ ocrreaponﬂing signaling elsments electricnlly 1ntorconnoeted thnra-
'Iltha mnana couprising e set of juxtaposed, roiatadle oonlntatora for
* varying. tha sonnections between tha keyhoerd elements nnn naid ‘signale

'iag algagnts. 8 set of computator stepping maohnninma corrOonndinc

' REF ID:A521681

and parl, emoh ratohot ard pawl netusting iis resoaisted cﬁmmniotor;-
natd oam~beer1ng members ageocieted as a group snd coord!natod colloot-
1voly to affect perlmtntiva, atepwise displacements of the om‘htarno

| _eg \ moohanisns of the cherscter descrided 15 clgim 5 ln whigh
tho parzphety of eunch osm-bearing member is divided up 1nto equnl-

epaced 5ogmsnts, ths numbers of segments on the rnapectlve aam-beering

fm 2. In a oryptogrevh, a keyboard compriaing eharaotor olemnntl

and aenoetatad contects oontrollin@ the operation of said oenmntacor

ltopping machnnlnmn { rotatable cem—bearinr nembers for oporating said

,eontnot levors } anf means for angularly Aisplecing aaid ounpbnaring

nnnbers upon si100easive depressions of the keys of aaid kvrboard

'féQ' 't mechanism of the ghamaeter deacribed in élaln 7 1n
) .1_-. o PM!&\&Q -
Ihieh th. numb*ra of{bnmaﬁon the respeotive oam-baering mﬂmbora are

iprimo to’ ons another, : O S

:?3. Ina oryptograph of the character desoribed. tha eonbination

fiorﬁéleetrsoalliﬂrolated keyboard slemonts and c&analtng elemantn ; & pet

15
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of Juxtnpb.ed, rotatable commutators for varying the ralationchl.pl
befwban %hé tvo sots of elements ; n saries of ¢nmmntn§br ntopplng
meohaniums faor displreing the respective oommutntora 1n a utopwiso
mannor i, e aot of cem-danring members for controlling tho qonnntator
ltapptns maohnnsﬁms 0 sffect the stopwise alaplacemnnta ot ehe
untutors in a perputetive maunner ; end meens for erfocting stepwist

displaoomentn of said cem~beering members.

. 10, In a oryptograph of the eharaoter douerihad. tha
ebabination of elsctrically iaterrelated kaybaard nlemontt and nlalalllz )
'.olononta 8 gat of Juxteposed rotstedle ocommmiators ﬂor vnryine the re-

51ationah1p botwoen the two sete of elements ; a met of onumntatnr nteyptuc

_meehaniema for dteplaoing the rnapaotivs comnutators in a ntopriao Ranner;

- and & plurality of rotatcdle cem-dearing membors for colloatively oantroll-
-Ting eho oommutetor stepping mechaniema to effect the -topwiso Qiaylaeo- '

ia~a4ppvuaaau}

nnnta or the coziute tors in e permutetive,menner.

'11. A machaniem of the charactey dsnoribod, aomprln&ns a

":.p0$ of clnmnntn aonststutxng a keyboard, and a gset of elemonta conltitnt-

';:133 a si&nallng benk, aaid sets of olownnts baing oleotrzellly !ntervtlat-

":';ﬁeﬁg a aot of Juxtaposod, rotatnble twatohing devicen ter:vuryiua th.

i-jollctrical rclation batwoen the two aete or elements 3 uf'
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